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FUNCTIONALIZED INITIATORS FOR ANIONIC 
POLYMERIZATION, PROTECTED FUNCTIONALIZED POLYMERS, 
DEPROTECTED ANALOGUES THEREOF, AND 
METHODS OF MAKING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims the benefit of, and incorporates herein by reference in 
their entirety, the following United States Applications: U.S. Provisional Application No. 
60/265,817, filed February 1, 2001 and United State Application No. 10/062,331, filed February 
1, 2002, now allowed. 

FIELD OF THE INVENTION 
[0002] The present invention relates to novel fiinctionalized electrophiles, their 
analogous initiators, and processes for preparing these compounds. The present invention also 
relates to homotelechelic, heterotelechelic, and radial functional polydiene polymers, polyarylene 
polymers and polydiene/polyarylene copolymers, their optionally hydrogenated analogues, their 
optionally deprotected analogues, and processes for preparing these fimctionalized polymers. 

BACKGROUND OF THE INVENTION 

[0003] Terminal fimctionalization of living polymer anions with various electrophiles 
has been extensively studied. See, for example, U.S. Patent Nos. 3,786,1 16 and 4,409,357. 
More recently, Hirao and Nakahama have introduced the concept of fimctionalization with an 
electrophile that contains a protected fiinctional group. This group can then be removed from the 
polymer ("deprotection") m a subsequent step. For examples of protected electrophiles in the 
synthesis of fimctionalized polymers, see K. Ueda, A. Hirao, and S. Nakahama, Macromolecules, 
25, 939 (1990) and M. Tokyamo, A. Hirao, S. Nakahama and K. Takenaka, Macromol. Chem. 
Phys.,7P7, 3135 (1996). 

[0004] Recently, protected acetal and carboxylic acid electrophiles were disclosed, see 
M.P. Labeau, H. Cramail, and A. Deffieux, Polymer Intemational, 47, 453 (1996) and A. Hirao, 
H. Nakahama, T. Ishizone, and S. Nakahama, Macromolecules, 26, 2145 (1993), respectively. 
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The articles report polymerizing styrene using butyl lithium to form the living polymer anion. 
Using the protected acetal and carboxylic acid electrophiles, the resulting polymers included a 
protected functionality at one end of the polymer chain. 

SUMMARY OF THE INVENTION 
[0005] The present invention provides novel compoimds useful as electrophiles for 
incorporating a protected functionality into a living polymer anion. In particular the electrophiles 
incorporate a protected carbonyl or carboxyl group into a living polymer. The electrophiles are 
represented by the formula: 

X.Z-C.[T-(A-RiR2R3)m]n 

Rw 

(I) 

or 




(A-RiR2R3)h 

(n) 

wherein: 

each X is independently halogen, preferably selected from the group consisting of 
chloride, bromide and iodide; 

each Z is independently a branched or straight chain hydrocarbon connecting group which 
contains 1-25 carbon atoms, optionally substituted with aryl or substituted aryl; 

each T is independently selected from the group consisting of oxygen, sulfur, nitrogen, 
and mixtures thereof; 

(A-R1R2R3) is a protecting group, in which each A is independently an element selected 
from Group IVa of the Periodic Table of the Elements; and Ri, R2, and R3 are each independently 
selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, 
cycloalkyl, and substituted cycloalkyl; 
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R, R4, and R5 are each independently selected from the group consisting of hydrogen, 
alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl and substituted cycloalkyl; 
h is 0 when T is oxygen or sulftir, and 1 when T is nitrogen; 

1 is an integer from 1 to 7; 

m is 1 when T is oxygen or sulfiir, and 2 when T is nitrogen; 
n is 2 or 3; and 
wisOor 1, 

with the proviso that each T in structure (I) caimot equal oxygen. 

[0006] The invention also provides hydrocarbon compositions including at least one 
protected fiinctionalized initiator, which can also be usefiil for incorporating a protected carbonyl 
or carboxyl fiinctionality into a polymer structure, as well as processes for making the initiators 
of the invention. The initiators are represented by the foUov^ng structures: 



M-(Q)v-Z-C-[T-(A.R,R2R3)ni]n 

I 

Rw 



(lU) 



or 



(R3R2RrA)h 



M (Q)v Z 




(CR4R5), 



(A-RiR2R3)h 



(IV) 

wherein: 

each M is independently an alkali metal, preferably selected from the group consisting of 
lithium, sodium, and potassium; 

each Z is independently a branched or straight chain hydrocarbon connecting group which 
contains 3-25 carbon atoms, optionally substituted with aryl or substituted aryl; 

each Q is independently a saturated or unsaturated hydrocarbyl group derived by 
incorporation of one or more compounds selected from the group consisting of conjugated diene 
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hydrocarbons, alkenylsubstituted aromatic compounds, and mixtures thereof into the M-Z 
linkage; 

each V independently ranges from 0 to 5; 

each T is independently selected from the group consisting of oxygen, sulfur, nitrogen, 
and mixtures thereof; 

(A-R1R2R3) is a protecting group, in which each A is independently an element selected 
from Group IVa of the Periodic Table of the Elements; and Ri, R2, and R3 are each independently 
selected from the group consisting of hydrogen, alkyl, substituted alkyl aryl, substituted aryl, 
cycloalkyl, and substituted cycloalkyl; 

R, R4, and R5 are each independently selected from the group consisting of hydrogen, 
alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, and substituted cycloalkyl; 

h is 0 when T is oxygen or sulfiir, and 1 when T is nitrogen; 

1 is an integer from 1 to 7; 

m is 1 when T is oxygen or sulfiir, and 2 when T is nitrogen; 
n is 2 or 3; and 
w is 0 or 1 . 

[0007] Compounds (III) and (IV) efficiently polymerize conjugated diene 
hydrocarbons, alkenylsubstituted aromatic compounds, and mixtures thereof to afford living 
polymer anions. The resultant polymer anions, fimctionalized with a protected fimctional group 
at the head, can be quenched to afford a mono-fimctional polymer; reacted with fimctionalizing 
agents to form homo- or hetero-telechelic polymers; or coupled to form telechelic or 
fimctionalized radial polymers. 

[0008] The present invention also provides polymers produced using the electrophiles 
and/or initiators above, as well as process for making such polymers. In this embodiment of the 
invention, each T of structure (I) may be oxygen. 

[0009] Such polymers are usefiil materials in their own right. For example, polymers 
derived from electrophiles (I) or (II) and/or initiators (III) or (IV), in which T is N, can be usefiil 
in the production of tires with low hysteresis. In addition, the polymers derived from 
electrophiles (I) or (H) and/or initiators (III) or (FV) can be optionally deprotected, either before 
or after optional hydrogenation, to afford polymers with carboxyl, aldehyde or ketone end 
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groups. These end groups can enter into subsequent copolymerization reactions to form 
copolymers. Alternatively, the deprotection and copolymerization can be conducted in the same 
step to afford the copolymer directly. 

DETAILED DESCRIPTION OF THE INVENTION 
[0010] As used herein, the term "alkyl" refers to straight chain and branched C1-C25 
alkyl. The term "substituted alkyl" refers to C1-C25 alkyl substituted with one or more lower 
CI -CIO alkyl, lower alkylthio, or lower dialkylamino. The term "cycloalkyl" refers to C5-C12 
cycloalkyl. The term "substituted cycloalkyl" refers to C5-C12 cycloalkyl substituted with one or 
more lower CI -CIO alkyl, lower alkylthio, or lower dialkylamino. The term "aryl" refers to C5- 
C25 aryl having one or more aromatic rings, each of 5 or 6 carbon atoms. Multiple aryl rings 
may be fused, as in naphthyl or unfused, as in biphenyl. The term "substituted aryl" refers to C5- 
C25 aryl substituted Avith one or more lower CI -CIO alkyl, lower alkylthio, or lower 
dialkylamino. Exemplary aryl and substituted aryl groups include, for example, phenyl, benzyl, 
and the like. 

NOVEL ELECTROPHILES 
[0011] The electrophiles of the invention of formula (I) and (II) above can be prepared 
by standard literature procedures. For example, triethyl ortho-3-chloropropionate can be 
prepared from 3-chloroprionitrile by the method of G. Casy, J.W. Patterson, and RJ.K. Taylor, 
Org. Syn. Coll Vol 8, 415 (1993). Substituted dimethyl or diethyl dithio acetals and ketals can 
be prepared from the corresponding halo aldehydes or halo ketones and methylthiol or ethylthiol 
and HCl catalyst, as described by H. Zinner, Chem, Ber., 83, 275 (1980). Halo substituted 1,3- 
dithianes can be synthesized from the corresponding halo carbonyl compound, 1,3- 
propanedithiol, and boron trifuoride etherate catalyst, as detailed by J.A. Marshall and J.L. 
Belletire, Tetrahedron Letters, 871 (1971). Analogously, halo substituted 1 ,3-dithiolanes can be 
synthesized from the corresponding halo carbonyl compound, 1,3-ethanedithiol, and boron 
trifuoride etherate catalyst, as detailed by R.P. Hatch, J. Shringarpure, and S.M. Weinreb, J. Org, 
Chem., 43, 4172 (1978). Substituted dimethyl or diethyl acetals and ketals can be prepared fi-om 
the corresponding halo aldehydes or halo ketones and methanol or ethanol and anhydrous HCl 
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catalyst, as described by A.F.B. Cameron, J.S. Hunt, J.F. Oughton, P.A. Wilkinson, and B.M. 
Wilson, J. Chem. Soc, 3864 (1953). The method of R.A. DaignauU and E.L. Eliel, Org, Syn. 
Col Vol V, 303, (1973), which involves the reaction of a halo-substituted aldehyde or ketone 
with ethylene glycol, with paratolunesulfonic acid catalyst and azeotropic removal of water, can 
be employed to prepare the corresponding halo-substituted 1,3-dioxolane. Halo-substituted 1,3- 
dioxanes can be prepared from the corresponding halo aldehyde or ketone, 1,3-propanediol, 
paratoluenesulfonic acid catalyst, with azeotropic removal of water, see J.E. Cole, W.S. Johnson, 
P.A. Robins, and J. Walker, J, Chem. Soc, 244 (1962), and H. Okawara, H. Nakai, and M. Ohno, 
Tetrahedron Letters, 23, 1087 (1982). The reaction of 2-mercaptoethanol with a halo-substituted 
aldehyde or ketone, with zinc chloride catalyst affords the commensurate substituted 1,3- 
oxathiolane, as reported by J. Romo, G. Rosenkranz, and C. Djerassi, J. Amer. Chem. Soc, 73, 
4961 (1951) and V. K. Yadav and A.G. Fallis, Tetrahedron Letters, 29, 897 (1988). Substituted 
oxazolidines can be synthesized from the corresponding aminoalcohol and a halo-substituted 
aldehyde or ketone, see E.P. Goldberg and H.R. Nace, J, Amer, Chem, Soc, 77, 359 (1955). hi a 
similar fashion, the method of A.J. Carpenter and D.J. Chadwick, Tetrahedron, 41, 3803 (1985) 
can be employed to generate N,N=-dimethylimidazolidines from a halo aldehyde or ketone and 
N,N=-dimethyl-l,2-ethylenediamine. Higher homologs can be prepared from the parent halo- 
substituted imidazolidine via dialkylation, see J.C. Craig and R.J. Young, Org. Syn. Coll Vol F, 
88 (1973). 

NOVEL INITIATORS 
[0012] The anionic initiators of the formulae (III) and (IV) are prepared by reacting a 
compound of the formulae (V) or (VI) 

M-Z-C-[T-(A.RiR2R3)m]n 

I 

Rw (V) 

or 
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(A-RiR2R3)h 

(VI) 

wherein M, Z, T, A, R, Ri, R2, R3, R4, Rs? h, 1, m, n and w have the meanings ascribed above, 
v^th one or more conjugated diene hydrocarbons, one or more alkenyl substituted aromatic 
compounds, or mixtures of one or more dienes with one or more alkenylsubstituted aromatic 
compounds, to form an extended hydrocarbon chain between M and Z in formula (V) and (VI), 
as well as mixtures thereof with compounds of Formulae (V) and/or (VI). The extended chain is 
denoted as Qv in formula (III) and (IV). The initiators can include at least one, and up to five, 
equivalents of the chain extension agent. The initiators are not so limited, however, and can also 
include a chain extension formed by incorporation of less than 1 molar equivalent of a chain 
extension agent. 

[0013] The compounds of formulae (V) and (VI) are prepared by first reacting a 
precursor selected from compounds (I) and (II) (which in this aspect of the invention each T of 
formula I can be oxygen) with an alkali metal in an inert solvent, preferably a predominantly 
alkane, cycloalkane, or aromatic reaction solvent containing 5 to 10 carbon atoms, or a mixture 
of such solvents, at a temperature between about 35°C and about 130°C, to form a protected 
monofimctional lithium initiator (of formulae (V) and (VI)). 

[0014] Suitable conjugated diene hydrocarbons include without limitation 1,3- 
butadiene, isoprene, 2,3 -dimethyl- 1,3 -butadiene, 1,3-pentadiene, myrcene, 2-methyl-3 -ethyl- 1,3- 
butadiene, 2-methyl-3-ethyl-l,3-pentadiene, 1,3-hexadiene, 2-methyl-l,3-hexadiene, 3-methyl- 
1,3-pentadiene, 2,5-dimethyl-2,4-hexadiene, 1,3-heptadiene, 3-methyl-l,3-heptadiene, 1,3- 
octadiene, 3-butyl-l,3-octadiene, 3, 4-dimethyl- 1,3-hexadiene, 3-n-propyl- 1,3-pentadiene, 4,5- 
diethyl-l,3-octadiene, 2,4-diethyl- 1,3 -butadiene, 2,3-di-n-propyl-l,3-butadiene, 2-methyl-3- 
isopropyl- 1,3 -butadiene, and the like and mixtures thereof. Among the dialkylbutadienes, it is 
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preferred that the alkyl groups contain from 1 to 3 carbon atoms. Numerous other olefinic 
monomers are disclosed, for instance, in U.S. Patent No. 3,377,404. 

[0015] Suitable alkenylsubstituted aromatic compounds include without limitation 
styrene, alpha-methylstyrene, vinyltoluene, 2-vinylpyridine, 4-vinylpyridine, 1-vinylnaphthalene, 
2-vinylnaphthalene, 1 -alpha-methyl vinylnaphthalene, 2-alpha-methylvinylnaphathalene, 1,2- 
diphenyl-4-methylhexene-l and the like and mixtures of these, as well as alkyl, cycloalkyl, aryl, 
alkaryl and aralkyl derivatives thereof in which the total number of carbon atoms in the 
combined hydrocarbon constituents is generally not greater than 18. Examples of these latter 
compounds include without limitation 3-methylstyrene, 3,5-diethylstyrene, 4-(tert-butyl)-styrene, 
2-ethyl-4-benzylstyrene, 4-phenylstyrene, 4-p-tolylstyrene, 2,4-divinyltoluene, 4,5-dimethyl-l- 
vinyhiaphthalene, and the like and mixtures thereof Again, reference is made to U.S. Patent No. 
3,377,404 for disclosures of additional vinyl-substituted aromatic compounds. Non- 
polymerizable alkenyl substituted aromatic compounds such as 1,1-diphenylethylene may also be 
used. 

[0016] One example of compounds of the general structure (V) is reported in the 
literature. See B.C. Bennett and R.J.K. Taylor, Synlett, 1990, page 601. However, the 
compound was generated at low temperature (-78°C) in diethyl ether, and used directly in a 
synthetic procedure. Compounds of the type (V) and (VI) have not been previously prepared in 
hydrocarbon solution, or used as protected, fimctionalized initiators in anionic polymerizations. 

PROCESS TO PREPARE INITIATORS 
[0017] Another embodiment of this invention involves the process for the preparation 
of novel, protected fimctionalized initiators of formulae (III) and (IV) by metal-halogen exchange 
reaction of precursor compounds (I) and (II) with an alkali metal in an inert, hydrocarbon solvent. 
This exchange reaction affords compoimds of formulae (V) and (VI), which can then be 
optionally reacted with one or more conjugated diene hydrocarbons, one or more 
alkenylsubstituted aromatic compounds, or mixtures of one or more dienes with one or more 
alkenylsubstituted aromatic compounds to afford the chain extended initiators (IE) and (TV). 

[0018] Incorporation of Q groups into the M-Z linkage to form the compounds of 
formulae (HI) and (IV) above involves addition of compoimds of the formulae (V) and (VI), 
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where the symbols have the meanings ascribed above, across the carbon to carbon double bonds 
in compounds selected from the group consisting of one or more conjugated diene hydrocarbons, 
one or more alkenylsubstituted aromatic compounds, or mixtures of one or more dienes with one 
or more alkenylsubstituted aromatic compounds to produce new carbon-lithium bonds of an 
allylic or benzylic nature, much like those found in a propagating polyalkadiene or 
polyarylethylene polymer chain derived by anionic initiation of the polymerization of conjugated 
dienes or arylethylenes. As noted above, the initiators can include at least one, and up to five, 
equivalents of the chain extension agent. The initiators are not so limited, however, and can also 
include a chain extension formed by incorporation of less than 1 molar equivalent of a chain 
extension agent. These new carbon-lithium bonds are now "activated" toward polymerization 
and so are much more efficient in promoting polymerization than the precursor M-Z (M=Li) 
bonds, themselves. 



[0019] In another embodiment of the present invention, novel polymer structures are 
provided. These novel polymers are prepared from the initiators (III) and (IV) above. These 
novel polymers have vinique molecular architecture. The polymers may have mono-fimctionality, 
homotelechelic fimctionality, heterotelechelic fimctionality, or functionalized radial structure. 
These novel polymers have the following formulae: 



NOVEL POLYMERS 



FG-[ (QVZ-C-[T-(A-R,R2R3)m]n ]y 



R. 



or 




y 



wherein: 



-9- 



. AttyDktNo: 208-6122DV 



each FG is independently hydrogen, a protected functional group, a non-protected 
functional group, a residue of a difunctional coupling agent or a residue of a multifunctional 
coupling agent, with the proviso that when each T is oxygen, then FG is not hydrogen; 

each Q is independently a saturated or unsaturated hydrocarbyl group derived by 
incorporation of one or more conjugated diene hydrocarbons, one or more alkenylsubstituted 
aromatic compounds, or mixtures of one or more conjugated diene hydrocarbons with one or 
more alkenylsubstituted aromatic compounds; 

each X is independently the number of vmits of conjugated diene hydrocarbon, 
alkenylsubstituted aromatic compound, or mixture thereof (including that employed originally to 
solubilize the initiator) and may vary from 10 to 2000; 

each Z is independently a branched or straight chain hydrocarbon connecting group which 
contains 3-25 carbon atoms, optionally substituted with aryl or substituted aryl; 

each T is independently selected from the group consisting of oxygen, sulfur, nitrogen, 
and mixtures thereof; 

(A-R1R2R3) is a protecting group, in which each A is independently an element selected 
from Group IVa of the Periodic Table of the Elements; and Ri, R2, and R3 are independently 
selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, 
cycloalkyl, and substituted cycloalkyl; 

R, R4, and R5 are independently selected from the group consisting of hydrogen, alkyl, 
substituted alkyl, aryl, substituted aryl, cycloalkyl, and substituted cycloalkyl; 

h is 0 when T is oxygen or sulfur, and 1 when T is nitrogen; 

1 is an integer from 1 to 7; 

m is 1 when T is oxygen or sulfur, and 2 when T is nitrogen; 
n is 2 or 3; 
w is 0 or 1 ; and 

each y is independently 1 to 30. 

PROCESSES FOR PREPARING NOVEL POLYMERS 
[0020] The present invention also provides processes for the anionic polymerization of 
olefinic-containing monomers. Generally the processes of the invention can be described as 
follows. 
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[0021] Polymerization of one or more conjugated diene hydrocarbons, one or more 
alkenylsubstituted aromatic compounds, or a mixture of one or more conjugated diene 
hydrocarbons with one or more alkenylsubstituted compounds is initiated in a hydrocarbon or 
mixed hydrocarbon-polar solvent medium at a temperature of 10°C to 150°C with one or more 
initiators having the formula: 



M-(Q)v-Z-C-[T-(A-R,R2R3)m]n 

I 

Rw 



(in) 



or 



(R3R2RrA)h 





(CR4R5)l 




M — (Q)v Z- 



(A-RiR2R3)h 

(IV) 

wherein M, Z, Q, v, T, A, Ri, R2, R3, R, R45 Rs, h, 1, m, n, and w are the same as defined above, 
to form an intermediate living polymer anion. 

[0022] The intermediate polymer anion can be reacted with a reactive compound as 
known in the art, such as but not limited to ethylene oxide, oxygen, sulfur, carbon dioxide, 
omega-alkenylarylhalosilanes such as styrenyldimethyl chiorosilane, chlorosilanes such as silicon 
tetrachloride and dimethyl dichlorosilane, and chlorostannanes such as tin tetrachloride and 
dibutyltin dichloride, oxetane, silicon acetals, l,5-diazabicyclo[3.1.0]hexane, N-benzylidene 
trimethylsilylamide, 1,3-propanesultone, dimethylformamide, allyl bromide, allyl chloride, 
protected functionalized electrophiles such as compounds of formulas (I) and (II) above, and 
those described in pending U.S. Patent Nos. 5,965,681 and 5,910,547, methacryloyl chloride and 
epichlorohydrin, isomeric divinylbenzenes, diisopropenylbenzene and other materials known in 
the art to be useful for terminating, end capping or coupling of polymers. The living polymer 
anion can also be terminated using a suitable protonating agent as known in the art. 

[0023] The resultant linear or branched polymer is recovered and has one or more 
terminal functional groups. The polymers can be represented by the formulae 
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FG-[ (Q)x-Z-C-[T-(A- RiRzRsVln ]y 

or 




{A-RiR2R3)h 



wherein FG, Q, x. A, Z, T, R, Ri, R2, R3, R4, R5, R6, h, 1, m, n, w and y are defined as above. 

[0024] The skilled artisan will appreciate that when y is 1 , then the resultant polymer 
is a linear polymer having one protected carbonyl or carboxyl group on one termini of the 
polymer chain. Also when y is 1 , then FG is hydrogen, a protected functional group or a non- 
protected fimctional group. 

[0025] The living polymer can alternatively be reacted with a suitable difunctional 
coupling agent to couple or link two living polymer anions (which may be the same or different). 
In this aspect of the invention, y is 2 and FG is the residue of the difunctional coupling agent. 
When y is 2, the resultant polymer can include protected carbonyl and/or carboxyl groups on 
opposing termini of the polymer chain, which can have the same or different protecting groups. 
When y is 2, the polymer can alternatively include a protected carbonyl or protected carboxyl 
functionality on one end and a non-functional or functional polymer chain having a different 
protected functionality on the other end. Stated differently the polymer may be homotelechelic, 
in which the polymer includes terminal protected carbonyl or carboxyl groups that are the same. 
The polymer may also be heterotelechelic, in which the polymer includes protected carbonyl 
groups(s) and/or protected carboxyl groups(s) and/or a non-functional group and/or a polymer 
chain which includes a functional group different firom the protected carbonyl and/or carboxyl 
group at opposing ends that are different fi'om one another. 

[0026] Still further, the living polymer anions, which may be the same or different, can 
be coupled using a multifunctional linking agent as known in the art to produce a radial or 
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branched polymer structure in which y is three or greater. In this aspect, FG is the residue of a 
multifunctional coupling agent. Again, the protected carbonyl and/or carboxyl functionalities can 
be the same or different in the branched polymers. Also the multi-branched polymer can include 
polymer chains having non-functional ends and/or polymer chains with a protected functionality 
that is different from the protected carbonyl or carboxyl group. 

[0027] The polymer can optionally be reacted with one or more monomers in the 
presence of a strong acid catalyst to simultaneously deprotect one or more of the functional 
groups of the polymer and polymerize the liberated functional ends(s) thereof to produce novel 
segmented block polymers. Exemplary monomers include without limitation cyclic ethers, 
diamines, diisocyanates, polyisocyanates, di-, poly- and cyclic amides, di- and polycarboxylic 
acids, diols, polyols, anhydrides, and the like and mixtures thereof. 

[0028] For example, functionalized polymers can be further reacted with 
monofunctional monomers, such as caprolactam, or other lactams, to form a polyamide block 
polymer segment, or cyclic ethers such ethylene oxide to form polyether blocks; or with 
difunctional monomers, such as diacids or anhydrides and diamines to form polyamide blocks, or 
diacids or anhydrides and diols to form polyester blocks, or diols and polyols with diisocyanates 
or polyisocyanates to form polyurethane blocks. Polyisocyanates or polyfunctional polyols are 
further examples of polyfunctional monomers. The functional group may also contain a reactive 
olefmic bond, such as a styrenic or acrylic functionality, which v^U act as a "macromonomer" 
capable of polymerizing with other free radically polymerizable monomers. 

[0029] The carbonyl functional groups of the polymers can also be reacted with one or 
more suitable monomer(s) to form polymer segments or blocks on the polymer chains. For 
example, aldehyde and/or ketone functional groups can be reacted with a diamine to provide 
imine groups. A carboxylic acid functional group can be reacted with a diamine to form an 
amide block. As another example the carboxylic acid functional group can be reacted with a 
polyol to form a polyester block. 

[0030] For those polymers which include non-protected functional groups (such as 
that resulting from the incorporation of ethylene oxide into the living polymer end) the functional 
polymer can be reacted with one or more monomers in the absence of a strong acid catalyst to 
yield block copolymers, while maintaining the integrity of at least one of the protective groups. 
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Optionally thereafter additional protective group(s) can be removed and additional liberated 
functional group(s) reacted with appropriate monomer(s) as described above, which can be the 
same or different, to produce novel segmented block polymers. 

[00311 Still further, as discussed in more detail below, polymers having different 
protecting groups can be treated so as to selectively remove one but not all of the protecting 
groups, and the liberated functional group reacted with a suitable monomer(s). The remaining 
protecting groups can optionally thereafter be removed and the thus liberated functional groups 
also reacted with the same or different monomer(s). 

[0032] Various techniques as known in the art can be used to remove the protecting 
group(s), either prior to or after the optional hydrogenation of the residual aliphatic unsaturation. 
For example, to remove rer/-alkyl-protected groups, the protected polymer is mixed with an 
acidic material, for example, an acidic ion exchange resin such as Amberlyst 15 and heated at an 
elevated temperature, for example 150°C, until deprotection is complete. In addition, /er/-alkyl- 
protected groups can also be removed by reaction of the polymer with trifluoroacetic acid, or 
trimethylsilyliodide. Additional methods of deprotection of the /err-alkyl protecting groups can 
be found in T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, Second 
Edition, Wiley, New York, 1991, page 41. The ter/-butyldimethylsilyl protecting groups can be 
removed by treatment of the polymer with acid, such as hydrochloric acid, acetic acid, 
paratoluensulfonic acid, or Dowex® 50W-X8. Alternatively, a source of fluoride ions, for 
instance tetra-n-butylammonium fluoride, potassium fluoride and 18-crown-6, or pyridine- 
hydrofluoric acid complex, can be employed for deprotection of the r^r^butyldimethylsilyl 
protecting groups. Additional methods of deprotection of the /err-butyldimethylsilyl protecting 
groups can be found in T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 
Second Edition, Wiley, New York, 1991, pages 80-83. See also U.S. Patent No. Patent 
5,922,810, issued Date July 13, 1999. 

[0033] Various techniques as known in the art can also be used to remove the 
protecting groups from the carbonyl groups as well. See, for example, T.W. Greene and P.G.M. 
Wuts, Protective Groups in Organic Synthesis, Second Edition, Wiley, New York, 1991, 
referenced above, for a discussion of various techniques for liberating protected aldehyde, ketone 
and carboxylic acid groups. 
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[0034] Optionally the polymer is hydrogenated. The polymer can be hydrogenated 
before or after deprotection and/or other optional downstream reactions such as described in 
more detail above. 

[0035] Examples of methods to hydrogenate the polymers of this invention are 
described in U.S. Patent Nos. 4,970,254, 5,166,277, 5,393,843 and 5,496,898. The 
hydrogenation of the functionalized polymer is conducted in situ^ or in a suitable solvent, such as 
hexane, cyclohexane, or heptane. This solution is contacted with hydrogen gas in the presence of 
a catalyst, such as a nickel catalyst. The hydrogenation is typically performed at temperatures 
from 25°C to 150°C with a archetypal hydrogen pressure of 15 psig to 1000 psig. The progress 
of this hydrogenation can be monitored by InfraRed (IR) spectroscopy or Nuclear Magnetic 
Resonance (NMR) spectroscopy. The hydrogenation reaction is conducted until at least 90% of 
the aliphatic unsaturation has been saturated. The hydrogenated fimctional polymer is then 
recovered by conventional procedures, such as removal of the catalyst with aqueous acid wash, 
followed by solvent removal or precipitation of the polymer. 

[0036] The inert solvent is preferably a non-polar solvent such as a hydrocarbon, since 
anionic polymerization in the presence of such non-polar solvents is known to produce polyenes 
with high 1,4-contents from 1,3-dienes. Solvents usefiil in practicing this invention include but 
are not limited to inert liquid alkanes, cycloalkanes and aryl solvents, and mixtures thereof 
Exemplary alkanes and cycloalkanes include those containing five to 10 carbon atoms, such as 
pentane, hexane, cyclohexane, methylcyclohexane, heptane, methylcycloheptane, octane, decane 
and the like and mixtures thereof. Exemplary aryl solvents include those containing six to ten 
carbon atoms, such as toluene, ethylbenzene, p-xylene, m-xylene, o-xylene, n-propylbenzene, 
isopropylbenzene, n-butylbenzene, and the like and mixtures thereof. 

[0037] Polar modifiers can be added to the polymerization reaction to alter the 
microstructure of the resulting polymer, i.e., increase the proportion of 1,2 (vinyl) microstructure 
or to promote functionalization or randomization. Examples of polar modifiers include, but are 
not limited to, diethyl ether, dibutyl ether, tetrahydrofiiran, 2-methyltetrahydrofiiran, methyl tert- 
butyl ether, diazabicyclo[2.2.2]octane, triethylamine, tributylamine, tetramethylenthylene 
diamine (TMEDA), 1,2-dimethoxyethane (glyme), and the like and mixtures thereof The 
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amount of the polar modifier added depends on the vinyl content desired, the nature of the 
monomer, the temperature of the polymerization, and the identity of the polar modifier. 

[0038] Exemplary olefinic monomers to be anionically polymerized include 
conjugated diene hydrocarbons, alkenylsubstituted aromatic compounds, and mixtures thereof. 
The conjugated diene hydrocarbons and alkenylsubstituted aromatic compounds are chosen from 
the group of imsaturated organic compounds that can be polymerized anionically (i.e. in a 
reaction initiated by an organo-alkali metal). 

[0039] Suitable conjugated dienes preferably contain from 4 to 12, more preferably 
from 4 to 8, carbon atoms per molecule. Examples of these compounds include without 
limitation 1,3-butadiene, isoprene, 2,3 -dimethyl- 1,3-butadiene, 1,3-pentadiene, myrcene, 2- 
methyl-3-ethyl-l,3-butadiene, 2-methyl-3-ethyl-l,3-pentadiene, 1,3-hexadiene, 2-methyl-l,3- 
hexadiene, 1,3-heptadiene, 3-methyl-l,3-heptadiene, 1,3-octadiene, 3-butyl-l,3-octadiene, 3,4- 
dimethyl-l,3-hexadiene, 3-n-propyl-l,3-pentadiene, 4,5-diethyH,3-octadiene, 2,4-diethyl-l,3- 
butadiene, 2,3 -di-n-propyl- 1,3 -butadiene, 2-methyl-3-isopropyl-l,3-butadiene, and the like and 
mixtures thereof Among the dialkylbutadienes, it is preferred that the alkyl groups contain from 
1 to 3 carbon atoms. Of the above monomers 1,3 -butadiene, isoprene, 2,3-dimethyl-l,3- 
butadiene and 1,3-pentadieneare preferred with 1,3 -butadiene being particularly preferred. 

[0040] Suitable alkenylsubstituted aromatic compounds include the optionally- 
substituted styrenes and vinylnaphthalenes. 

[0041] The conjugated dienes and alkenylsubstituted aromatic compounds may be 
polymerized singly, in admixture to form random copolymers, or by charging the compounds to 
the reaction mixture sequentially to form block copolymers. 

HOMOTELECHELIC POLYMERS 
[0042] Telechelic polymers have found utility in making adhesives, sealants, coatings, 
films and fibers. These polymers have typically been prepared from a dilithium initiator. See, 
for example, U.S. Patent Nos. 5,393,843 and 5,405,91 1. For example, reaction of 2 equivalents 
of an alkyllithium reagent, such as sec-butyllithium, with a compound having at least two 
independently polymerized vinyl groups, such as isomeric divinylbenzenes or isomeric 
diisopropenylbenzenes, generates a dilithium initiator. Addition of an anionically polymerizable 
monomer, such as 1,3 -butadiene, isoprene, or styrene, affords a polymer chain, with living anions 
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on each of the two termini. This dianion can then be quenched with various functionaiizing 
agents, such as ethylene oxide or carbon dioxide, to afford a telechelic polymer. However, these 
functionalization reactions are often inefficient, due to the formation of physical gelation 
phenomena that produce severe mixing problems. See L, Weber, Makromol. Chem., Macromol. 
Symp., 5, 317 (1986) and U.S. Patent Nos. 5,393,843 and 5,478,899. 

[0043] Another embodunent of this invention provides novel protected homotelechelic 
polymers prepared from protected functionalized electrophiles (I) and (II) (which in this aspect of 
the invention, each T of formula I can be oxygen). In addition, these novel polymers can be 
optionally hydrogenated, either before or after the optional removal of the protecting groups 
("deprotection") to afford new polymers. Furthermore, the procedures employed to prepare these 
novel compounds are unique. 

[0044] In contrast to telechelic polymers of the prior art, the molecular architecture of 
compounds of the present invention can be precisely controlled. High functionalization of the 
living polymer dianions is achieved, as the functionaiizing agents of the current invention do not 
cause gelation to occur, upon their addition to a living polymer. The nature of the functional 
group, and its protecting group can be varied, simply by changing the functionaiizing agent. The 
process to prepare these novel polymers is also xmique, in that efficient functionalization of the 
living polymer dianions is achieved. 

[0045] Novel telechelic polymers of the present invention can be prepared as 
described in detail below. 

[0046] Two equivalents of a lithium initiator, such as an alkyllithium initiator R-Li, 
wherein R represents an aliphatic, cycloaliphatic, or aromatic radical, can be added to a 
compound having at least two independently polymerized vinyl groups, such as 1,3- 
divinylbenzene or 1,3-diisopropenylbenzene, to afford a dilithium initiator. Such initiators 
include, but are not limited to, n-butyllithium, sec-butyllithium, tert-butyllithium, 2- 
ethylhexyllithium, hexyllithium, and the like, and mixtures thereof One or more conjugated 
diene hydrocarbons, alkenylsubstituted aromatic compounds, or mixtures thereof, is added to 
grow living polymer arms from the central core. Two or more equivalents of a functionaiizing 
agent (electrophile) is then added, which have one of the following structures: 
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or 



X-Z-C-[T-(A-RiR2R3)™]„ 

Rvv 



a) 



(R3R2Ri-A)h 



X Z 




(CR4R5), 



(A-RiR2R3)h 



ai) 



wherein X, Z, T, A, Ri, R2, R3, R, R4, R5, h, 1, m, n, and w are the same defined above, except 
that in this aspect of the invention, each T of the compounds of formula I can be oxygen. 

[0047] This procedure efficiently functionalizes each living anion site of the polymer 
with a protected fiinctional group. The nature of the protected functional group can be varied by 
merely changing the identity of the electrophile. 

[0048] The fimctionalized multi-arm polymers of the present invention can be defined 

as 

(Y)-[D-Z.C-(T-(A-RiR2R3)m)n]2 

or 



(R3R2Ri-A)h 



■D Z 




(CR4R5), 



(A-RiR2R3)h 
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wherein: 

each Y independently represents a core derived by incorporation of a molecule having at 
least two independently polymerized vinyl groups, such as 1,3-divinylbenzene or 1,4- 
divinylbenzene; 

each D independently represents a hydrogenated or unsaturated block derived by anionic 
polymerization of one or more conjugated diene hydrocarbons, for example 1,3-butadiene or 
isoprene, one or more alkenylsubstituted aromatic compounds, such as styrene or alpha- 
methylstyrene, or one or more conjugated diene hydrocarbons with one or more 
alkenylsubstituted aromatic compounds; and 

Z, T, A, R, Ri, R2, R3, R4, R5, h, 1, m, n and w are defined as above. 

[0049] These novel polymers can by optionally hydrogenated to afford other novel 
polymers. The protecting groups can be removed either prior to or following this hydrogenation. 
The deprotected polymers are also novel. 

[0050] After deprotection, the polymer has the following structure: 

(Y)-[D.Z-C-(0)-R]2 

or 

(Y)-[D-Z-C-(0)-0H]2 

wherein Y, D, and Z are the same as defined above. One advantage of the present invention is 
the ability to provide a high degree of functionalization. In particular, the homotelechelic 
polymers produced in accordance with this aspect of the invention can have a high level of 
functionalization, of up to and greater than 1 .9. In contrast, homotelechelic polymers prepared 
using dilithium technology have a significantly lower degree of functionality. 

[0051] Advantages of the homotelechelic polymers produced by the present invention 
include highly efficient functionalization of the living anion sites on the arms of the polymer; 
various protected functional groups can be introduced; and less expensive than alternative 
methods to prepare telechelic polymers. 

HETEROTELECHELIC POLYMERS 
[0052] Polymers prepared from dilithium initiators necessarily have the same 
functional group on each termini ("homotelechelic"). In yet another aspect of the invention. 
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novel "heterotelechelic" polymers, molecules with different functional groups at each termini, are 
disclosed. In contrast to telechelic polymers of the prior art, the molecular architecture of 
compounds of the present invention can be precisely controlled. High functionalization of the 
living polymer anions is achieved, as the functionalizing agents of the current invention do not 
cause gelation to occur, upon their addition to a living polymer. The nature of the functional 
group on each termini, and its protecting group, can be varied simply by changing the 
functionalized initiator or the functionalizing agent. The process to prepare these novel polymers 
is also unique, in that efficient functionalization of the living polymer anions is achieved. 

[0053] Novel, protected, heterotelechelic polymers of the present invention comprise 
the structures: 

(R6R7R«-B)k-W-Z,-Qv-D-Z-C-[T-(A-RiR2R3)rn]n 

Rw 

or 



(R8R7R6B)k 




(A-RiR2R3)h 



wherein: 

each D independently represents a hydrogenated or unsaturated block derived by anionic 
polymerization of one or more conjugated diene hydrocarbons, for example 1,3-butadiene or 
isoprene, or one or more alkenylsubstituted aromatic compounds, such as styrene or alpha- 
methylstyrene, or one or more conjugated diene hydrocarbons with one or more 
alkenylsubstituted aromatic compounds; 

each Z is independently a branched or straight chain hydrocarbon connecting group which 
contains 1-25 carbon atoms, optionally substituted with aryl or substituted aryl; 

each Zi is independently a branched or straight chain hydrocarbon connecting group 
which contains 3-25 carbon atoms, optionally substituted with aryl or substituted aryl; 
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each Q is independently a saturated or unsaturated hydrocarbyl group derived by 
incorporation of one or more conjugated diene hydrocarbons, one or more alkenylsubstituted 
aromatic compounds, or mixtures of one or more conjugated diene hydrocarbons with one or 
more alkenylsubstituted aromatic compounds; 

each V independently ranges 0 to 5; 

each T and W is independently selected from the group consisting of oxygen, sulfiir, 
nitrogen and mixtures thereof; 

(A-R1R2R3) and (B-R^RvRs) are protecting groups in which A and B are each 
independently selected from elements selected from Group IVa of the Periodic Table of the 
Elements; and Ri, R2, R3, R^, R?? and Rs are each independently selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, and substituted 
cycloalkyl; 

R, R4, and R5 are each independently selected from the group consisting of hydrogen, 
alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, and substituted cycloalkyl; 
h is 0 when T is oxygen or sulfiir, and 1 when T is nitrogen; 
1 is an integer from 1 to 7; 

k and m are 1 when T or W is oxygen or sulfiir, and 2 when T or W is nitrogen; 
n is 2 or 3; and 
wisOor 1. 

[0054] Novel heterotelechelic polymers of the present invention are prepared as 
described in detail below. 

[0055] Living polymer anions are prepared by anionically polymerizing one or more 
conjugated diene hydrocarbons, one or more alkenylsubstituted aromatic compounds or a mixture 
of one or more conjugated diene hydrocarbons with one or more alkenylsubstituted aromatic 
compounds, in an inert solvent, at a temperature from -30°C to 150°C, for a period of at least one 
hour, with one or more protected fimctionalized initiators having the formula: 

(R6R7R«-B)k-W-ZrQv-M 

(vn) 

or 
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(DC) 

wherein: 

each M is independently an alkaU metal, preferably selected from the group consisting of 
lithium, sodium and potassium; 

each Q is independently a saturated or unsaturated hydrocarbyl group derived by 
incorporation of one or more conjugated diene hydrocarbons, one or more alkenylsubstituted 
aromatic compounds, or mixtures of one or more conjugated diene hydrocarbons with one or 
more alkenylsubstituted aromatic compounds into the M-Z linkage; 

each V independently ranges from 0 to 5; 

each Zi is independently a branched or straight chain hydrocarbon connecting group 
which contains 3-25 carbon atoms, optionally substituted with aryl or substituted aryl; 

each W is independently selected from the group consisting of oxygen, sulfur, nitrogen 
and mixtures thereof; 

(B-R6R7R8) is a protecting group in which each B is independently an element selected 
from Group IVa of the Periodic Table of the Elements; and R6, R7, and Rg are each independently 
selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, 
cycloalkyl, and substituted cycloalkyl; 

1 is an integer from 1 to 7; and 

k is 1 when W is oxygen or sulfur, and 2 when W is nitrogen. 
[0056] This is followed by addition of an equivalent of a fiinctionalizing agent 
(electrophile), which has the following structure: 
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X-Z-C-[T-(A-R,R2R3)m]„ 

(I) 

or 




(A-RiR2R3)h 

(H) 

wherein: 

X, Z, T, A, Ri, R2, R3, R, R45 R5, h, 1, m, n, and w are the same as defined above, except 
that in this aspect of the invention each T of the compounds of formula I can be oxygen. 

[0057] U.S. Patent Nos. 5,496,940 and 5,527,753 disclose novel, tertiary amino 
containing initiators which are soluble in hydrocarbon solvents. U.S. Patent No. 5,600,021 
discloses novel monofimctional ether initiators which are soluble in hydrocarbon solvents. U.S. 
Patent No. 5,362,699 discloses novel monofiinctional silyl ether initiators which are soluble in 
hydrocarbon solvents. Each of these types of initiators can be employed in the present invention. 

[0058] The initiators of the formulae 

(R6R7R8-B)k-W-Zi-Qv-M 

(vn) 

or 




(IX) 
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are prepared by reacting a compound of the formula 

(R6R7R8-B)k-W.ZrM 

(vni) 

or 




wherein M, Zi, W, B, R^, R7, Rg, k and 1 have the meanings ascribed above, with one or more 
conjugated diene hydrocarbons, one or more alkenylsubstituted aromatic compounds, or mixtures 
of one or more conjugated diene hydrocarbons with one or more alkenylsubstitued aromatic 
compounds, to form an extended hydrocarbon chain between M and Z in formula (VIII) and (X), 
which extended chain is denoted as Qv in formula (VII) and (IX). As noted above, the initiators 
can include at least one, and up to five, equivalents of the chain extension agent. The initiators 
are not so limited, however, and can also include a chain extension formed by incorporation of 
less than 1 molar equivalent of a chain extension agent. 

[0059] The compounds of formula (VIII) and (X) are prepared by first reacting in an 
inert solvent a selected tertiary amino- 1-haloalkane or an omega-hydroxy-protected-l-haloalkane 
or an omega-thio-protected- 1-haloalkane, depending on whether "W" is to be N, O or S, (the 
alkyl portions of the haloalkyl groups contain 3 to 25 carbon atoms) with an alkali metal, 
preferably lithium, at a temperature between about 35°C and about 130°C, preferably at the 
solvent reflux temperature, to form a protected monofimctional lithium initiator (of formula 
(VIII) or (X)) which is then optionally reacted with a one or more conjugated diene 
hydrocarbons, one or more alkenylsubstituted aromatic compounds, or mixtures of one or more 
conjugated diene hydrocarbons with one or more alkenylsubstituted aromatic compounds, in a 
predominantly alkane, cycloalkane, or aromatic reaction solvent, which solvent contains 5 to 10 
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carbon atoms, and mixtures of such solvents, to produce a monofunctional initiator with an 
extended hydrocarbon chain or tether between the metal atom (M) and element (W) in formula 
(VII) and (IX)above and mixtures thereof with compounds of formula (VIII) and (X), 
respectively. 

[0060] These novel polymers can by optionally hydrogenated to afford other novel 
polymers. The protecting groups can be removed either prior to or following this optional 
hydrogenation of residual aliphatic unsaturation The deprotected polymers are also novel. The 
hydrogenation and deprotecting techniques as described above can be useful in this aspect of the 
invention as well. 

[0061] If the protecting groups on each end of the telechelic polymer can be removed 
the same deprotection procedure, complete deprotection of the polymer can be achieved in a 
single step. After complete deprotection, the produced telechelic polymer has the following 
structure: 

(H)kW.Z,-Qv-D-Z-C-(0)-R 

or 

(H)kW-Zi-Qv-D-Z-C-(0)-OH 
wherein D, Q, Z, Zi, W, R, v, and k are defined as above. 

[0062] Another aspect of this invention is directed to a process for the preparation of a 
linear polymer possessing one free telechelically fimctional group and one protected 
telechelically functional group. The process comprises selectively deprotecting one type of 
dissimilarly protected functionality on the end(s) of the arms of the linear polymer chains, 
produced as described above, using selective reagents specifically suited to remove the targeted 
protective group, -B-R6R7R8, and liberate the desired functionality, -W-(H)m on the end of the 
polymer chain. Altematively, the acetal, ketal, or orthoester group can be selectively deprotected 
to afford a heterotelechelic polymer with a carbonyl or carboxyl group on one termini of the 
polymer chain. Such polymers are represented below: 

(H)k-W-ZrQv-D.Z-C-[T-(A.R,R2R3)m]n 

I 

Rw 

or 

(R6R7R8-B)k-W-Z,-Qv-D-Z-C-(0)-R 
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or 

(R6R7R«-B)k-W-ZrQv-D-Z-C-(0)-OH 

or 




(A-RiR2R3)h 



wherein D, A, B, R, Ri, R2, R3, R4, R55 R7, Rg, Q, Y, Z, Zi, T, W, h, k, 1, m, n, v and w are 
defined as above. 

[0063] The following table details experimental conditions that will selectively 
remove one of the protecting groups (more labile) fi'om the polymer, while retaining the other 
protecting group (more stable). 
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1 


t-Butyldimethylsilyl 


Acetal 


Tetrabutylammonium 






fluoride 


t-Butyldimethylsilyl 


Ketal 


Tetrabutylammonium 






fluoride 


t-Butyldimethylsilyl 


Orthoester 


Tetrabutylammonium 






fluoride 


t-Butyldimethylsilyl 


Aminal 


Tetrabutylammonium 






iiuunuc 


Acetal 


t-Butyl 


1 N HPl 


racial 


i-Diiryi 




^^nnocsier 


i-Duiyi 


1 N Hrt 


/\jTilIlal 


i-ouiyi 


1 XT ITOI 

1 N HCl 


Acetal 


Dialkylamino 


INHCl 


Ketal 


Dialkylamino 


1 NHCI 


Orthoester 


Dialkylamino 


IN HCl 


Aminal 


Dialkylamino 


IN HCl 


2,2,5,5-tetramethyl- 


Acetal 


Tetrabutylammonium 


2,5-disila-l- 




Fluoride 


azacyclopentane 






2,2,5,5-Tetramethyl- 


Ketal 


Tetrabutylammonium 


2,5-disila-l- 




Fluoride 


azacyclopentane 






2,2,5,5-Tetramethyl- 


Orthoester 


Tetrabutylanmionium 


2,5-disila-l- 




Fluoride 


azacyclopentane 






2,2,5,5-tetramethyl- 


Aminal 


Tetrabutylanmionium 


2,5-disila-l- 




Fluoride 


azacyclopentane 







[0064] Advantages of the heterotelechelic polymers produced by the present invention 
include: highly efficient functionalization of the living anion sites on the arms of the polymer; 
various heteroatoms can be introduced by changing the nature of the initiator or the electrophile; 
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different protecting groups can be employed to mask the heteroatoms; and the different protecting 
groups can be selectively removed, if desired, and the newly liberated functional group can be 
further derivatized or copolymerized by reactions as described in more detail above. 

Example 1 

Pre paration of 2-(3-ChloropropvlV5.5-dimethvl-2-methvl-L3-dioxane 

[0065] A one liter, round bottom flask is equipped with a magnetic stir bar, a Dean- 
Stark water separator, a reflux condenser and a nitrogen inlet. This apparatus is dried in an oven 
overnight at 120°C, assembled hot, and is allowed to cool to room temperature in a stream of 
nitrogen. The flask is charged with 144.70 grams (1 .20 moles) of 5-chloro-2-pentanone, 185.00 
grams (1.32 moles) of 2,2-dimethy 1-1,3 -propandiol, 300 ml of toluene and 0.05 grams of p- 
toluenesulfonic acid catalyst. The flask is placed in a heating mantle and the reaction mixture is 
heated to reflux until close to the theoretical amount of water (21 .6 ml) is collected in the Dean- 
Stark trap. The reaction mixture is allowed to cool to room temperature, transferred to a 
separatory funnel and washed with 200 ml portions of saturated sodium bicarbonate solution, and 
three times with water. The resulting organic layer is separated, dried over anhydrous potassixmi 
carbonate, filtered, and concentrated under reduced pressure on a rotary evaporator. This affords 
a clear, pale yellow oil, which is employed in the subsequent reactions without further 
purification. 

Yield = 231.77 grams (93.5%). 

Example 2 

Preparation of 3 J3-Trimethoxv-l-propvllithium 

[0066] A 500-milliliter, three-necked, Morton flask is fitted with a mechanical stirrer, 
a 125 milliliter pressure-equalizing addition funnel, and a Claisen adapter equipped with a 
thermocouple and a dry ice condenser with an argon inlet. This apparatus is dried in an oven 
overnight at 125*^0, assembled hot, and is allowed to cool to room temperature in a stream of 
argon. Lithixim metal dispersion, 1.1% sodiimi, is washed free of mineral oil with hexane (3 X 
100 milliliters) and pentane (1 X 100 milliliters). The resultant lithium metal is dried in a stream 
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of argon, weighed (7.00 grams, 1.01 moles, 2.8 equivalents), and transferred to the reaction flask 
with 300 milliliters of cyclohexane. The reaction mixture is stirred at 600 RPM's and heated to 
60°C with a heat gun. The heat source is removed. 3,3,3-Trimethoxy-l-chloropropane, 60.70 
grams (0.360 moles, 1.00 equivalent) is added dropwise via the addition funnel. This precursor 
is prepared from 3-chloropropionitrile by the method described by G. Casy, J. W. Patterson, and 
R. J. K. Taylor, Org, Syn. Coll, Vol. 8, 415 (1993). An exotherm is detected after 10% of the 
halide feed has been added. A dry ice/ hexane cooling bath is applied as needed to maintain the 
reaction temperature between 60 - 65®C. The total halide feed time is sixty minutes. The 
reaction temperature falls off rapidly to room temperature at the conclusion of the feed. The 
reaction mixture is stirred for two hours at room temperature, then the reaction mixture is 
transferred with argon pressure to a dry, sintered glass pressure filter. The product solution is 
pressure filtered with 3 psi argon. The lithium chloride muds are reslurried with fresh 
cyclohexane (2X50 milliliters). The filtrate is a clear, light yellow solution, yield = 352.5 
grams. 

Total Base -3.6 wt. %. 

Active C-Li = 3.5 wt. %. 

Yield = 24.5 % (based on active analysis). 

[0067] A one milliliter aliquot of this solution is withdrawn, cooled to 0°C, and 
carefiiUy quenched with water. The organic layer is then analyzed by gas chromotography. A 
Perkin Elmer Autosystem CC, equipped with a 30 meter, 0.53 mm AT-1 column, is employed for 
this analysis. All the 3,3,3-trimethoxy-l-chloropropane has been consumed, with the formation 
of a single, lower boiling compound, identified as 1,1,1-trimethoxypropane by GC/MS. 

Example 3 

Preparation of 333-Trimethoxv-l-propvllithium Chain Extended With Isoprene 

[0068] A 500-milliliter, three-necked, Morton flask is fitted with a mechanical stirrer, 
a 125 milliliter pressure-equalizing addition funnel, and a Claisen adapter equipped with a 
thermocouple and a dry ice condenser with an argon inlet. This apparatus is dried in an oven 
overnight at 125°C, assembled hot, and allowed to cool to room temperature in a stream of 
argon. Lithium metal dispersion, 1.1% sodium, is washed free of mineral oil with hexane (3 X 
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100 milliliters) and pentane (1 X 100 milliliters). The resultant lithium metal is dried in a stream 
of argon, weighed (6.25 grams, 0.900 moles, 2.80 equivalents), and transferred to the reaction 
flask with 220 milliliters of cyclohexane. The reaction mixture is stirred at 600 RPM's and 
heated to 60°C with a heat gun. The heat source is removed. 3,3,3-Trimethoxy-l-chloropropane, 
54.19 grams (0.322 moles, LOO equivalent) is added dropwise via the addition funnel. This 
precursor is prepared from 3-chloropropionitrile by the method described by G. Casy, J. W. 
Patterson, and R. J. K. Taylor, Org. Syn. Coll Vol 5, 415 (1993). An exotherm is detected after 
10% of the halide feed has been added. A dry ice/ hexane cooling bath is applied as needed to 
maintain the reaction temperature between 60 - 65°C. The total halide feed time is sixty- four 
minutes. The reaction temperature falls off rapidly to room temperature at the conclusion of the 
halide feed. The reaction is stirred at room temperature for two hours. The reaction mixture is 
reheated to 60^C with a heat gun then the heat is removed. Isoprene (43.81 grams, 0.643 moles, 
2.00 equivalents) is added dropwise via the addition funnel. An exotherm is detected after 30% 
of the feed has been added. A dry ice/ hexane cooling bath is applied as needed to maintain the 
reaction temperature between 60 - 65°C. The total isoprene feed time is thirty-five minutes. The 
temperature falls off rapidly to room temperature. The reaction mixture is stirred at room 
temperature for two hours, then is transferred with argon pressure to a dry sintered glass pressure 
filter. The product solution is pressure filtered with 3 psi argon. The lithium chloride muds are 
reslurried with fresh cyclohexane (2 X 30 milliliters). The filtrate is a clear, amber solution, 
yield = 374.22 grams. 

Total Base = 22.0 wt. %. 

Active C-Li = 21.1 wt. %. 

Yield = 88.8 % (based on active analysis). 

Example 4 

Preparation of Protected Alpha-Carboxy-Omega-Hvdroxv-Polvisoprene 

[0069] A 500 ml. glass reactor is equipped with three break-seal reagent ampoules, a 
sampling port attached with a Teflon® stopcock, an inlet tube fitted with a septum cap, and a 
magnetic stir bar. This reactor is flame sealed to a high vacuum line, and evacuated at 120^C for 
8 hours. The flask is refilled with dry argon, and allowed to cool to room temperature. 3,3,3- 
Trimethoxy-l-propyllithium chain extended with isoprene, 21.1 wt.% in cyclohexane, 0.82 
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grams contained (2.97 mmoles) is added to the reactor with a syringe via the inlet tube. 
Cyclohexane, 300 ml., is then vacuum distilled directly into the reactor. The flask is then 
removed from the vacuum line by a flame seal. Purified isoprene (12.3 grams) is added by 
breaking the seal of the ampoule containing isoprene. The polymerization reaction proceeds for 
eight hours at room temperature. The living polymer is functionalized by the addition of an 
excess of ethylene oxide, 0.66 grams (15 mmoles, 5 equivalents) added from the second break- 
seal ampoule. The polymer is then terminated with a large amoimt of degassed methanol, added 
from the third break-seal ampoule. The functionalized polymer is recovered by precipitation two 
times into methanol, and vacuum dried for twenty four hours. The resultant functionalized 
polymer is characterized by SEC, and has the following properties: 

Mn= 4.23X10Vmole 
Mw/Mn=1.08 
Yield =93.0% 

[0070] TLC analysis using toluene as an eluent shows only one spot with moderate 
polarity. This indicates that all the polymer is functionalized. The polymer is further 
characterized by NMR which indicates a 1,4 microstructure of 87%, and the presence of the 

0- Me signals as a sharp singlet at 3.24 ppm. 

Example 5 

Preparation of Alpha-Carboxv-Omega-Hvdroxv-Polvisoprene 

[0071] A 100 ml. flask is fitted with a magnetic stir bar, a reflux condenser, and a 
nitrogen inlet. This apparatus is dried in an oven overnight at 125^C, assembled hot, and allowed 
to cool to room temperature in a stream of nitrogen. The protected alpha-carboxy-omega- 
hydroxypolyisoprene polymer, prepared in Example 4, (2.0 gram) and tetrahydrofuran (20 ml) 
are added to the flask. This is followed by addition of 5% aqueous hydrochloric acid, until pH = 

1- 2. The reaction mixture is heated to reflux for seven hours. The reaction mixture is allowed to 
cool to room temperature. After solvent removal and vacuum drying, the resultant polymer is 
analyzed by SEC, TLC and NMR. 

Mn= 4.19X10Vmole 
Mw/Mn=1.08 
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[0072] TLC analysis using toluene as an eluent shows only one very polar spot. This 
indicates that all the polymer is deprotected. The 0-Me signal at 3.24 ppm is completely absent 
in the ^HNMR. 

Example 6 

Preparation Of HeterotelecheHc Functionalized Polvbutadiene 

[0073] A 500 ml. glass reactor is equipped with three break-seal reagent ampoules, a 
sampling port attached with a Teflon® stopcock, an inlet tube fitted with a septum cap, and a 
magnetic stir bar. This reactor is flame sealed to a high vacuum line, and evacuated at 120°C for 
8 hours. The flask is refilled with dry argon, and allowed to cool to room temperature. 3-(l,l- 
Dimethylethoxy)-l-propyllithium, 20.0 wt.% in cyclohexane, 1.110 grams contained (4.31 
mmoles) is added to the reactor with a syringe via the inlet tube. Cyclohexane, 300 ml., is then 
vacuum distilled directly into the reactor. The flask is then removed from the vacuum line by a 
flame seal. The reactor flask is then heated to SO'^C, and 1 5.2 grams of purified butadiene is 
added by breaking the seal of the ampoule containing butadiene. The reaction mixture is held 
SO-SS^'C at for 5 hours. The living polymer of alpha-(r-butoxy)-fimctionalized-poly(butadienyl)- 
lithium is functionalized by the addition of 0.27 grams (6.45 mmoles, 1.5 equivalents) of 
anhydrous lithium chloride (previously dried overnight at 120°C under vacuum) via the inlet tube 
and 0.96 grams (6.45 mmoles, 1.5 equivalents) of 2-(3-chloropropyl)-N-methyl-oxazolidine is 
then added from the second break-seal ampoule. The fiinctionalizing agent, 2-(3-chloropropyl)- 
N-methyl-oxazolidine, is prepared from 3-chloropropionaldehyde and 2-methylamino-ethanol by 
the procedure of E. P. Goldberg and H. R. Nace, J, Amer Chem. Soc, 11, 359 (1955). The 
reaction mixture is stirred for several hours and the progress of the reaction is monitored by TLC. 
Degassed methanol is then added from the third break-seal ampoule. The alpha, omega- 
fimctionalized heterotelechelic polymer is recovered by precipitation two times into methanol, 
and is vacuum dried for twenty four hours. 

[0074] The resultant heterotelechelic functionalized polymer is characterized by SEC, 
and has the following properties: 

Mn= 3.7X10Vinole 
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Mw/Mn=L05 
Yield = 93.0 % 

[0075] By TLC analysis using toluene as an eluent, no unfunctionalized polymer is 
detected. The polymer is further characterized by NMR which indicates a 1,4 microstructure 
of 85% and exhibits a peak at 8 = 2.20 ppm assigned to the N-methyl group and at 5 = 1 . 1 7 ppm 
assigned to the 0-/-Butyl group. 

[0076] The foregoing is illustrative of the present invention and is not to be construed 
as limiting thereof. Many modifications and other embodiments of the invention will come to 
mind to one skilled in the art to which this invention pertains having the benefit of the teachings 
presented in the foregoing descriptions and the associated drawings. Therefore, it is to be 
understood that the invention is not to be limited to the specific embodiments disclosed and that 
modifications and other embodiments are intended to be included within the scope of the 
appended claims. Although specific terms are employed herein, they are used in a generic and 
descriptive sense only and not for purposes of limitation. 
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